Objective: To evaluate plaque movement as a potential factor in local failure using intraoperative ultrasonography at plaque insertion and removal.
tilt caused a reduction greater than 10% in actual radiation dose to the tumor apex in 37 patients (23%). Local failure occurred in only 3 patients (2%), all of whom had tilt of 1.95 mm or greater at plaque removal.
Conclusions: Plaque tilt after initial accurate placement occurs frequently during brachytherapy for uveal melanomas and may represent an important cause of local treatment failure. Recognizing and counteracting the effects of plaque tilt may reduce the risk of local failure. RADIO- therapy is a common treatment for uveal melanoma and results in local tumor control in most cases. 1 However, local failure has been reported in a substantial proportion of patients. [2] [3] [4] [5] [6] Because local failure greatly increases the risk of metastatic death, [7] [8] [9] identifying and correcting the causes of local treatment failure are of paramount importance. Poor plaque localization is an important contributing factor to local failure. 10, 11 With the aid of intraoperative ultrasonography, most malpositioned plaques can be identified and readjusted at the time of plaque insertion. [10] [11] [12] However, little is known about plaque movement during the 4 to 5 days of brachytherapy, which could also contribute to local failure. To address this, we performed intraoperative B-scan ultrasonography at the time of iodine 125 radioactive plaque insertion and removal in 162 consecutive patients with uveal melanoma.
METHODS

PATIENTS
This study was approved by the institutional review board of Washington University. Consecutive patients meeting study criteria who were treated between July 1, 2000, and July 31, 2006, were included. Patients were excluded from the study if the ultrasonographic scans were of poor quality in which the plaque margins could not be readily identified (n=16) or if the clinical data were unavailable owing to incomplete or missing records (n=19). A Collaborative Ocular Melanoma Study-style gold plaque was used in all of the cases. Plaque sizes included 12-, 14-, 16-, 18-, 20-, and 22-mm diameters and were chosen to provide at least a 2-mm dosimetric margin around the tumor base. Plaques were initially localized using standard transillumination and indirect ophthalmoscopy with scleral depression. In most cases, a dummy plaque was initially secured to the sclera with temporary 5-0 nylon sutures. Intraoperative B-scan ultrasonography was used to confirm localization of the dummy plaque and readjustments were made as needed. The dummy plaque was then replaced by the active plaque and ultrasonography was performed again. The active plaque was repositioned until optimal localization was achieved. The ultrasonographic scans used for this study were taken after final repositioning of the active plaque. At least three and as many as five 5-0 nylon sutures were used to secure the plaque to the sclera. It was necessary to disinsert a rectus muscle to allow surgical access to the tumor in 68 cases. In these cases, the muscle was secured with a double-locking 5-0 Vicryl suture and disinserted, then (after plaque insertion) it was reattached to its insertion by a hang-back suture or secured to the plaque during the course of brachytherapy. In 6 cases, the anterior portion of the inferior oblique muscle insertion was dissected to minimize displacement of an overlying plaque. Despite the use of cautery for hemostasis, a hematoma was often detected at plaque removal. Subsequent to this realization, dissection of the inferior oblique was not performed.
Plaques were designed to deliver a dose of 85 Gy in 96 hours to the prescription point at a dose rate of 0.8 to 0.9 Gy/h. The prescription point was either the tumor apex (for tumorsϾ5 mm in thickness) or the apex plus 1.0 mm (for tumorsՅ5 mm), consistent with current guidelines. 13 Plaque placement and removal were performed in the operating room with local anesthesia (retrobulbar injection of 5 mL of lidocaine and bupivacaine hydrochloride [Marcaine; AstraZeneca, London, England]) in 8 patients and general anesthesia in 154 patients. No differences in plaque positioning or tilt were noted between those patients receiving general vs local anesthesia. Patients were prepared and draped for surgery to remove the plaque; before surgery was initiated, ultrasonography was performed in the same manner as at plaque insertion.
Ultrasonography was performed by one of us ( J.W.H.) using diagnostic ophthalmic ultrasonography model System-ABD (Innovative Imaging, Inc, Sacramento, California), with the B-scan probe sheathed in a sterile sleeve as previously described. 10, 14 Longitudinal and transverse ultrasonographic sections were obtained at plaque insertion and removal. Horizontal plaque movement was assessed in the first 106 patients by digitizing and reconstructing images from the longitudinal and transverse scans using ImageJ software (National Institutes of Health, Bethesda, Maryland) to show the plaque position relative to the tumor. Posterior plaque tilt was assessed in all of the 162 patients and was defined as the distance from the outer scleral surface to the inner edge of the plaque measured at the level of the posterior tumor margin. The tilt measurements were obtained directly from the ultrasonography machine at the time of plaque insertion and removal. a Sum is greater than 100% because some tumors were scored in 2 locations (eg, superior and nasal). . The tilt was due to optic nerve sheath impingement. Another patient had no plaque tilt at insertion (E) and 1.3 mm of tilt (arrow) at removal due to the inferior oblique muscle (F). A third patient had no plaque tilt at insertion (G) and 2.8 mm of tilt (arrow) at removal due to episcleral hematoma (H). I, Example of intraoperative ultrasonographic image to illustrate key structures. 1 indicates tumor; 2, acoustic reflections delineating inner plaque edges; 3, outer scleral surface with no intervening space (or tilt) between the sclera and plaque; 4, outer plaque edge; 5, acoustic reflections delineating radioactive seeds suspended in the silastic insert; 6, acoustic echo of the radioactive seed in the orbit posterior to the plaque; and 7, acoustic echo of the posterior plaque surface.
STATISTICAL ANALYSIS
Statistical analysis was performed using MedCalc version 9.2.0.2 software (MedCalc Software, Mariakerke, Belgium). The Spearman rank correlation coefficient was used to test the association between continuous variables. The Mann-Whitney test was used to test the significance of the difference between variables based on dichotomous categories.
DOSIMETRIC CALCULATIONS
The brachytherapy module of the Philips treatment planning system (Pinnacle version 7.0; Philips Radiation Oncology Systems, Milpitas, California) was used to determine the radiation dose to the prescription point and the tumor apex. Variables included plaque diameter, prescription depth, plaque tilt at removal, tumor thickness, and dose interval. Plaque tilt at the center point of the plaque was approximated to be half of the tilt measured at the posterior tumor margin. The actual dose to the prescription point, taking plaque tilt into account, was used to calculate the actual dose to the tumor apex for each case. A graph was generated to estimate the effect of plaque tilt on dose to the prescription point using 2 standard prescription points (5 and 10 mm) and 2 plaque sizes (12 and 20 mm).
RESULTS
HORIZONTAL PLAQUE MOVEMENT ALONG THE SCLERA
Clinical and intraoperative findings are summarized in Table 1 . Horizontal plaque movement along the sclera was evaluated in the first 106 tumors using longitudinal and transverse ultrasonographic images obtained at the time of plaque insertion and removal (Figure 1A-D) .
Horizontal movement was less than 1.0 mm in 91 pa- tients (86%). In none of the cases was a tumor margin exposed by horizontal movement. In particular, 2 of the 3 tumors that exhibited local recurrence were analyzed for horizontal plaque movement and in both cases there was less than 2 mm of shift at plaque removal, indicating that the local failure was unlikely to be due to an exposed tumor margin. Because no significant horizontal plaque movement was identified, subsequent patients were analyzed only for plaque tilt.
PLAQUE TILT AWAY FROM THE SCLERA
Plaque tilt away from the sclera was evaluated in 162 patients. In each case, plaque tilt was greatest at the posterior edge of the plaque and was most readily detected on longitudinal ultrasonographic scans ( Figure 1E-I) . At plaque insertion, no plaque tilt was detected in 109 patients (67%), 0.1 to 1.0 mm of tilt was detected in 38 patients (23%), and tilt greater than 1.0 mm was detected in 15 patients (9%) (Figure 2A) . Plaque tilt was detectable by ultrasonography but not indirect ophthalmoscopy or transillumination. In most cases, tilt detected at plaque insertion could be corrected by repositioning the plaque and verifying placement with ultrasonography. At plaque removal, no plaque tilt was detected in 51 patients (31%), 0.1 to 1.0 mm of tilt was detected in 26 patients (16%), 1.1 to 2.0 mm of tilt was detected in 58 patients (36%), and tilt greater than 2.0 mm was detected in 27 patients (17%) (Figure 2A ). Although some plaques demonstrated a decrease in tilt between insertion and removal, most showed an increase ( Figure 2B ). The overall difference in plaque tilt at insertion and removal was highly significant (PϽ.001) ( Figure 2C ). Tilt at plaque removal was caused by prescleral hematoma in 7 patients, inferior oblique muscle in 4 patients, optic nerve sheath or posterior ciliary nerves and vessels in 34 patients, and undetermined in the remainder of patients. Only 3 local treatment failures occurred in this study. These cases showed no tilt at plaque insertion and 1.95 mm, 2.23 mm, and 3.05 mm of tilt at plaque removal. Statistical analysis was performed to identify risk factors for plaque tilt ( Table 2 ). The only factor associated with plaque tilt at the time of insertion was decreased distance of the tumor margin to the fovea (P=.01) (Figure 3) . Factors associated with plaque tilt at removal included male sex (P=.009), decreased tumor distance to the fovea and optic disc (PϽ.001 for both), notched plaque (P=.001), and episcleral hematoma underlying the plaque at the time of plaque removal (P=.009) (Figure 3 and Figure 4 ).
DOSIMETRIC CALCULATIONS
The actual radiation dose to the tumor apex was calculated for each patient based on the amount of tilt at plaque removal and the assumption that tilt occurred at a constant rate. Plaque tilt resulted in a reduction in the actual radiation dose to the tumor apex by more than 10% in 37 patients (23%) and more than 20% in 6 patients (4%). Reduction in the radiation dose to the prescription point caused by plaque tilt was greater for tumors with increased basal diameter and decreased thickness (PϽ.001 for each). The estimated effect of plaque tilt on the dose to the prescription point was graphed using 2 standard prescription points (5 and 10 mm) and 2 plaque sizes (12 and 20 mm) ( Figure 5) .
COMMENT
This study confirmed that most plaques can be accurately localized using intraoperative ultrasonography at plaque insertion. However, a surprisingly large proportion of plaques became tilted during the 4 to 5 days that the plaque was in place as demonstrated by intraoperative ultrasonography at plaque removal. Plaque tilt greater than 1.0 mm was detected in fewer than 10% of the plaques at the time of insertion but in more than half of the plaques at plaque removal. Tilt was greatest at the posterior edge of the plaque away from the sutures that secure the plaque to the sclera. Collaborative Ocular Melanoma Study-style plaques typically have 6 eyelets that span almost 180°of the plaque, so use of the more peripheral eyelets may help to reduce tilt. Other plaque styles that incorporate fewer eyelets that are concentrated toward one end of the plaque and very thin plaques such as those used for ruthenium 106 brachytherapy may be Figure 5 . Effect of plaque tilt on dose to the prescription point using 2 standard prescription points (5 and 10 mm) and 2 plaque sizes (12 and 20 mm).
